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© The biosensor according to the present invention

includes a catalyst made from phosphate for accel-

erating an equilibrium reaction between a-glucose

and 0-glucose. Particularly, the biosensor of the

present invention includes an electrically insulating

substrate, an electrode system formed on the sub-

strate having a working electrode and a counter

electrode, and a reaction layer provided over the

electrode system, and the reaction layer includes at

least an enzyme, an electron acceptor and phos-

phate. According to the present invention, a sub-

strate such as a saccharide contained in a sample

liquid can be easily quantified with accuracy and

speed.
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BACKGROUND OF THE INVENTION

1 . Field of the Invention:

The present invention relates to a catalyst

made from phosphate and a biosensor that can

easily quantify a specific component in various

sample liquids with accuracy and speed. More

particularly, the present invention relates to a

biosensor that can easily quantify a substrate such

as sucrose and glucose in a sample liquid by using

a specific catalytic action of an enzyme.

2. Description of the Related Art:

The optical rotation method, the colorimetric

method, the reductimetry method and other meth-

ods using different kinds of chromatographies have

been developed as methods for quantitative analy-

sis of a substrate such as sucrose and glucose.

However, none of these methods has sufficiently

high accuracy because the specificity thereof

against the substrate is not very high. Among these

methods, the optical rotation method can be easily

conducted but is significantly influenced by the

operating temperature. Therefore, it is not appro-

priate for common use at home and the like.

Various types of biosensors utilizing the spe-

cific catalytic action of an enzyme have been re-

cently developed. As an example of such a biosen-

sor, a sucrose sensor in which an enzyme reaction

step comprises an isomerization step of pyranose

will now be described.

A known method for quantifying sucrose uses

three enzymes, invertase (EC3.2.1.26; hereinofter

referred to as INV), mutarotase (EC5.1.3.3;

hereinafter referred to as MUT) and glucose ox-

idase (EC1. 1.3.4; hereinafter referred to as GOD),

and an oxygen electrode or a hydrogen peroxide

electrode (F. Scheller and F. Schubert,

"Biosensor", Elsevier, 1992).

According to this method, sucrose is quantified

as follows: Sucrose contained in a sample liquid is

hydrolyzed into a-glucose and fructose by INV.

Then, isomerization from the a-glucose to the 0-

giucose is accelerated by MUT, and only the 0-

glucose is selectively oxidized by GOD. In the

oxidation reaction by GOD in the presence of oxy-

gen, oxygen is reduced to hydrogen peroxide. The

amount of decreased oxygen is measured by the

oxygen electrode, or the amount of increased hy-

drogen peroxide is measured by the hydrogen

peroxide electrode. Since the amount of the de-

creased oxygen or the increased hydrogen perox-

ide is in proportion to a content of the sucrose in

the sample liquid, the sucrose is quantified by

using the amount of the decreased oxygen or the

increased hydrogen peroxide.

A substrate other than sucrose is quantified in

the same manner.

For example, when a substrate such as

glucose-6-phosphate, maltose, lactose and cellu-

5 lose is quantified, a-glucosa is obtained by

hydrolyzing each substrate in a sample liquid with

an enzyme such as alkaline phosphatase, maltase,

/3-galactosidase and cellulase, respectively. Then,

isomerization from the a-glucose to 0-glucose is

70 accelerated by MUT, The substrate in each sample

liquid is quantified in the same manner as de-

scribed above with respect to sucrose.

MUT used in the above described method for

accelerating the isomerization from a-glucose to 0-

15 glucose is comparatively expensive. Therefore, an

inexpensive quantifying method for a substrate has

been desired.

Activity of the above-mentioned enzymes such

as INV, MUT and GOD generally tend to be deg-

20 raded by various factors, thereby decreasing the

reliability of the sensor.

Moreover, the specific activity of each enzyme

depends upon a hydrogen ion concentration (pH),

and each enzyme exhibits the highest activity at

25 different pH. Therefore, when a plurality of sample

liquids having different pH are measured, the ob-

tained sensor responses are likely to fluctuate. This

problem is noticeable especially when the sample

liquid to be quantified is not pretreated.

30

SUMMARY OF THE INVENTION

The catalyst made from phosphate of this in-

vention accelerates the following equilibrium reac-

35 tion:

a-glucose ^ 0-glucose

In one embodiment, the phosphate is at least

one selected from the group consisting of potas-

sium dihydrogenphosphate, dipotassium hydrogen-

40 phosphate, disodium hydrogenphosphate and so-

dium dihydrogenphosphate.

Alternatively, the present invention provides a

method for accelerating the following equilibrium

reaction by using phosphate:

45 a-glucose ^ 0-glucose

In one embodiment, the phosphate is at least

one selected from the group consisting of potas-

sium dihydrogenphosphate, dipotassium hydrogen-

phosphate, sodium dihydrogenphosphate and dis-

50 odium hydrogenphosphate.

In one embodiment, the equilibrium reaction is

conducted within a range of pH 4.0 to 10.5.

In one embodiment, a concentration of the

phosphate in the equilibrium reaction is within a

55 range of 0.01 M to 0.8 M.

Alternatively, the biosensor of the present in-

vention comprises the above-mentioned catalyst,

an enzyme for oxidising jS-glucose, and an elec-
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trode system for electrically measuring an oxidation

by the enzyme.

Alternatively, the biosensor of the present in-

vention comprises an electrically insulating sub-

strata, an electrode system which is formed on the

substrate and has a working electrode and a coun-

ter electrode, and a reaction layer provided at a

position to affect the electrode system. The reac-

tion layer comprises at least an enzyme, an elec-

tron acceptor and phosphate.

In one embodiment, the reaction layer further

comprises a hydrophilic polymer layer.

In one embodiment, the reaction layer is made
of a first layer comprising a hydrophilic polymer

layer and a second layer laminated on the first

layer. The enzyme, the electron acceptor and the

phosphate are contained in the second layer.

In one embodiment, the enzyme includes glu-

cose oxidase.

In one embodiment, the enzyme further in-

cludes one selected from the group consisting of

invertase, alkaline phosphatase, maltase, /3-galac-

tosidase and cellulase.

In one embodiment, the enzyme further in-

cludes mutarotase.

In one embodiment, a pH buffer layer is pro-

vided above the insulating substrate.

In one embodiment, the reaction layer com-

prises a pH buffer.

In one embodiment, the reaction layer is made
of a first layer comprising a hydrophilic polymer

layer and a second layer laminated on the first

layer. The enzyme, the electron acceptor and the

phosphate are contained in the second layer, and

the second layer further comprises a pH buffer.

In one embodiment, the enzyme includes a

combination of invertase and glucose oxidase.

In one embodiment, the pH buffer is one se-

lected from the group consisting of potassium

dihydrogenphosphate - dipotassium hydrogen-

phosphate, potassium dihydrogenphosphate - dis-

odium hydrogenphosphate, sodium dihydrogen-

phosphate - dipotassium hydrogenphosphate, so-

dium dihydrogenphosphate - disodium hydrogen-

phosphate, citric acid - disodium hydrogen-

phosphate, citric acid - dipotassium hydrogen-

phosphate, citric acid - sodium citrate, citric acid -

potassium citrate, potassium dihydrogencitrate -

sodium hydroxide, sodium dihydrogencitrate - so-

dium hydroxide, sodium hydrogenmaleate - sodium

hydroxide, potassium hydrogenphthalate - sodium

hydroxide, succinic acid - sodium tetraborate, mal-

eic acid - tris(hydroxymethyl)aminomethane, tris-

(hydroxymethyl) aminomethane - tris-

(hydroxymethyl)aminomethane hydrochloride, [N-

(2-hydroxyethyl)piperazine-N'-2-ethanesulfonic

acid] - sodium hydroxide, [N-tris(hydroxymethyl)-

methyl-2-aminoethanesulfonic acid] - sodium hy-

droxide, and [piperazine-N,N'-bis(2-ethanesulfonic

acid)] - sodium hydroxide.

Alternatively, the biosensor of the present in-

vention comprises phosphate as a catalyst for ac-

5 celerating an equilibrium reaction between a-glu-

cose and ^-glucose; an enzyme for selectively

oxidizing the j3-glucose; an electron acceptor which

is reduced by electrons generated in an oxidation

reaction by the enzyme; and an electrode system

70 for electrically measuring an amount of the reduced

electron acceptor.

In one embodiment, the biosensor further com-

prises an enzyme for generating a-glucose by

hydrolyzing a saccharide.

is Thus, the invention described herein makes

possible the advantages of (1) providing a biosen-

sor which can easily quantify a specific substrate in

a sample liquid with accuracy and speed; (2) pro-

viding an inexpensive biosensor which can easily

20 quantify a substrate without using expensive MUT;

(3) providing a biosensor with a high reliability; (4)

providing a biosensor which can obtain a sensor

response with high accuracy by including a buffer

in a reaction layer so that an enzyme reaction can

25 proceed within a determined range of pH after the

reaction layer is dissolved in a sample liquid; (5)

providing a biosensor which does not require a

preadjustment of a hydrogen ion concentration of a

sample liquid and in which the hydrogen ion con-

30 centration of the sample liquid can be made opti-

mum in accordance with the kind of enzyme con-

tained in a reaction layer; (6) providing a biosensor

which can quantify saccharides in fruit, blood, lym-

phocyte and urine; and (7) providing a catalyst

35 made from phosphate for accelerating an equilib-

rium reaction between a-glucose and ^-glucose

and an acceleration method using the same.

These and other advantages of the present

invention will become apparent to those skilled in

40 the art upon reading and understanding the follow-

ing detailed description with reference to the ac-

companying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a sectional view of a sucrose sen-

sor according to an example of a biosensor of the

present invention.

Figure 2 is an exploded perspective view of the

so sucrose sensor of Figure 1 from which a reaction

layer is removed.

Figure 3 is a graph showing a sensor response

of the sucrose sensor of Figure 1

.

Figure 4 is a sectional view of a sucrose sen-

55 sor according to another example of the biosensor

of the present invention.

Figure 5 is a sectional view of a sucrose sen-

sor according to still another example of the

3
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biosensor of the present invention.

DESCRIPTION OF THE PREFERRED EMBODI-

MENTS

The feature of the present invention is in a

catalyst made from phosphate for accelerating the

following equilibrium reaction:

a-glucose ^ 0-glucose

Such isomerization from a-glucose to ^-glu-

cose is accelerated conventionally by an enzyme

such as MUT. Whereas the isomerization can be

accelerated by using phosphate instead of the en-

zyme in the present invention.

A method for accelerating the equilibrium reac-

tion by using phosphate can be utilized in a

biosensor described below or in organic synthesis.

When the above-mentioned method is used in

a biosensor, isomerization of pyranose is acceler-

ated by phosphate ions such as PO+ 3
,
HPO* 2

and H2PO4- and therefore, it is possible to obtain

a rapid sensor response. Moreover, since there is

no need to use an enzyme such as MUT for

accelerating the isomerization, an inexpensive

biosensor with a high reliability can be provided.

An enzyme such as MUT can be used together

with phosphate to further accelerate the equilibrium

reaction. When the enzyme for accelerating the

isomerization is included in the biosensor, the mea-

suring time can be further shortened.

Any phosphate which can generate a phos-

phate ion such as PO* 3" HP04
2~ and H2PO4- in

a reaction system can be used in the present

invention. Examples of the phosphate include po-

tassium dihydrogenphosphate (KH2 POO. dipotas-

sium hydrogenphosphate (fcHPO*), sodium

dihydrogenphosphate (NaH2 PO*), disodium

hydrogenphosphate (Na2 HP04), calcium

dihydrogenphosphate (Ca(H2 PO* )z ), ammonium

phosphate ((NHOaPO*) and diammonium

hydrogenphosphate ((NH^HPO*)-

The preferred pH in the equilibrium reaction

can be freely selected to be suitabfe for an enzyme

used together with the phosphate. In order to attain

a sufficient effect of the phosphate for accelerating

the equilibrium reaction, the pH is preferably within

a range of 4.0 to 10.5.

A preferable concentration of the phosphate

used in the equilibrium reaction is 0.01 M to 0.8 M,

and more preferably 0.1 M to 0.8 M. When the

concentration of the phosphate is over 0.8 M, in a

biosensor in which a reaction layer is provided over

an electrode system as is described in Examples 1

to 6 below, the reaction layer can not keep its

shape on the electrode system. When the con-

centration of the phosphate is below 0.01 M, the

effect of the phosphate to accelerate the equilib-

rium reaction is not sufficient.

The biosensor according to the present inven-

tion will now be described in detail.

The biosensor of the present invention com-

prises an electrically insulating substrate, an elec-

5 trode system which is formed on the substrate and

includes a working electrode and a counter elec-

trode, and a reaction layer provided at a position to

affect the electrode system.

The insulating substrate is made from a syn-

10 thetic resin plate such as a polyethylene tereph-

thalate plate.

The electrode system including the workmg

electrode and the opposed counter electrode can

be provided on the substrate by a known method.

75 For example, after forming leads on the substrate,

the working electrode and the counter electrode

are provided so as to be connected to each lead,

respectively, and to be insulated from each other.

The electrode system is not limited to a two-

20 electrode system having only a working electrode

and a counter electrode. A three-electrode system,

including an additional reference electrode, can be

used. Such a three-electrode system can attain

more accurate measurement.

25 The reaction layer can be provided over or in

the vicinity of the electrode system. The reaction

layer is generally provided so as to cover the

working electrode and the counter electrode.

The reaction layer can be made of one uniform

30 layer. Alternatively, it can comprise a first layer

made of a hydrophilic polymer layer directly pro-

vided on the electrode system and a second layer

laminated on the first layer and including at least

an enzyme, an electron acceptor and phosphate.

35 Various hydrophilic polymers can be used to

form the hydrophilic polymer layer. Examples of

the hydrophilic polymer include carboxymethyl cel-

lulose (hereinafter referred to as CMC), hydrox-

yethyl cellulose (hereinafter referred to as HEC),

40 hydroxypropyl cellulose (hereinafter referred to as

HPC), methyl cellulose, ethyl cellulose, ethyl

hydroxyethyl cellulose, carboxymethyl ethyl cellu-

lose, polyvinyl pyrrolidone, polyvinyl alcohol, gela-

tin or its derivatives, acrylic acid or its salts,

45 methacrylic acid or its salts, starch or its deriva-

tives, and maleic anhydride or its salts. Among the

above, CMC, HEC, HPC, methyl cellulose, ethyl

cellulose, ethyl hydroxyethyl cellulose and carbox-

ymethyl ethyl cellulose are preferred.

50 The enzyme in the reaction layer can comprise

a first enzyme for hydrolyzing a substrate

(especially a saccharide) into glucose and a sec-

ond enzyme such as glucose oxidase for oxidizing

^-glucose. The first enzyme is not necessary when

55 glucose is quantified as a substrate.

The kind of first enzyme contained in the reac-

tion layer depends upon the kind of substrate to be

quantified.

4
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A typical enzyme is invertase in quantifying

sucrose; alkaline phosphatase in quantifying

glucose-6-phosphate; maltase in quantifying malt-

ose; £-galactosidase in quantifying lactose; and

cellulase in quantifying cellulose.

The reaction layer can further comprise con-

ventional mutarotase as an enzyme.

For example, the following enzymes are prefer-

able in the quantification of sucrose:

1) A combination of invertase and glucose ox-

idase; and

2) a combination of invertase, glucose oxidase

and mutarotase.

For example, the following enzymes are prefer-

able in the quantification of glucose:

1) Glucose oxidase; and

2) a combination of glucose oxidase and

mutarotase.

The electron acceptor contained in the reaction

layer is reduced by electrons generated in the

oxidation reaction caused by the enzyme. Exam-

ples of the electron acceptor include potassium

ferricyanide, p-benzoquinone, phenazinemethosul-

fate, methylene blue and ferrocene derivatives.

One or two kinds of the above are used as the

electron acceptor.

The enzymes and the electron acceptors con-

tained in the reaction layer can be allowed to be

dissolved in a supplied sample liquid. Alternatively,

they can be immobilized on the substrate and the

like so as not to be dissolved in a sample liquid.

The reaction layer can further comprise a pH
buffer. In such a case, the pH buffer is preferably

contained, in the second reaction layer.

Examples of the pH buffer include potassium

dihydrogenphosphate - dipotassium hydrogen-

phosphate, potassium dihydrogenphosphate - dis-

odium hydrogenphosphate, sodium dihydrogen-

phosphate - dipotassium hydrogenphosphate, so-

dium dihydrogenphosphate - disodium hydrogen-

phosphate, citric acid - disodium hydrogen-

phosphate, citric acid - dipotassium hydrogen-

phosphate, citric acid - sodium citrate, citric acid -

potassium citrate, potassium dihydrogencitrate -

sodium hydroxide, sodium dihydrogencitrate - so-

dium hydroxide, sodium hydrogenmaleate - sodium

hydroxide, potassium hydrogenphthalate - sodium

hydroxide, succinic acid - sodium tetraborate, mal-

eic acid - tris(hydroxymethyl)aminomethane, tris-

(hydroxymethyl) aminomethane - tris-

(hydroxymethyl)aminomethane hydrochloride, [N-

(2-hydroxyethyl)piperazine-N'-2-ethane-suifonic

acid] - sodium hydroxide, [N-tris(hydroxymethyl)-

methyl-2-aminoethanesulfonic acid] - sodium hy-

droxide, and [piperazine-N,N
,

-bis(2-ethane-sulfonic

acid)] - sodium hydroxide.

The reaction layer can be formed by dropping

a solution including at least an enzyme, an electron

acceptor and phosphate on the substrate and dry-

ing it.

When the reaction layer is made of the first

and the second layers, the second layer can be

5 formed by dropping a mixed solution including at

least phosphate, an enzyme and an electron ac-

ceptor on the first layer and drying it. When the

mixed solution including phosphate, an enzyme

and an electron acceptor is dropped on the first

/o layer made from CMC and the like, the first layer is

once dissolved in the mixed solution and mixed

therein superficially. Since the reaction layer made
of the first and the second layers is not stirred and

the two layers are not uniformly mixed, the surface

75 of the electrode system is covered only by the first

layer. Therefore, the enzyme and the electron ac-

ceptor do not come into contact with the surface of

the electrode system, thereby preventing a deg-

radation and a fluctuation of the response of the

20 biosensor caused by adsorption of protein to the

surface of the electrode system.

When a saccharide in a sample liquid is quanti-

fied by using the biosensor of the present inven-

tion, the saccharide is hydrolyzed by the first en-

25 zyme to generate a-glucose, and isomerization

from the a-glucose to 0-glucose is accelerated by

phosphate. The ^-glucose is oxidized by the sec-

ond enzyme. The electron acceptor is reduced by

electrons transferred by the oxidation reaction

30 caused by the enzyme. Then, the amount of the

reduced electron acceptor is electrically measured.

Therefore, when a sample liquid is supplied to

the biosensor, the reaction layer is dissolved in the

sample liquid. Next, a determined period of time

35 after the supply of the sample liquid, a determined

voltage is applied between the working electrode

and the counter electrode, and axurrent value after

a determined period of time is measured. This

current value is in proportion to a concentration of

40 a substrate in the sample liquid. A number of

sample liquids each including the substrate with a

known concentration are previously measured for

this current value to identify a relationship between

the concentration and the current value. Then, the

45 substrate in a sample liquid can be quantified by

measuring a current value in the above-mentioned

manner.

The concentration of a substrate in a sample

liquid can be measured without using an electron
'

so acceptor. In this case, /3-glucose is oxidized by an

enzyme to generate gluconic acid, and at the same
time, oxygen is reduced to generate hydrogen per-

oxide. The hydrogen peroxide is electrochemically

oxidized to cause an oxidation current. Since the

55 current value is in proportion to the concentration

of the substrate, the concentration can be quanti-

fied by using the oxidation current value.

5
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The biosensor of the present invention can be

used as a sensor for measuring various kinds of

substrates by selecting the kind of enzymes to be

used. For example, by using invertase, alkaline

phosphatase, maltase, 0-galactosidase or cellulase

as an enzyme, the sensor works as a sucrose

sensor, a glucose sensor, a glucose-6-phosphate

sensor, a maltose sensor, a lactose sensor or a

cellulose sensor.

Thus, the present invention provides a biosen-

sor which can easily quantify a substrate in various

kinds of sample liquids with accuracy and speed.

For example, a saccharide in fruit, blood, lym-

phocyte and urine can be quantified by using the

biosensor of the present invention.

Examples

Throughout the drawings mentioned in the fol-

lowing description of the examples, the same ele-

ment has a common reference numeral. Part of the

description of the production procedure is omitted

as occasion demands.

(Example 1)

As an example of the biosensor of the present

invention, a sucrose sensor will be described in this

example.

A production method for the sucrose sensor is

as follows:

As are shown in Figures 1 and 2, silver paste

was printed by screen printing to form leads 2 and

3 on an insulating substrate 1 made from polyethyl-

ene terephthalate. Then, conductive carbon paste

including a resin binder was printed on the sub-

strate 1 to form a working electrode 4. The working

electrode 4 was in contact with the lead 2. An

insulating layer 6 was then formed by printing

insulating paste on the substrate 1. The insulating

layer 6 covered the peripheral portion of the work-

ing electrode 4 so as to expose a fixed area of the

working electrode 4. The insulating layer 6 also

covered part of the leads 2 and 3.

Next, a counter electrode 5 was formed by

printing conductive carbon paste including a resin

binder on the insulating layer 6 so as to some in

contact with the lead 3.

An aqueous solution including 0.5 wt% CMC as

a hydrophilic polymer was dropped on an electrode

system 14 comprising the working electrode 4 and

the counter electrode 5, and dried to form a CMC
layer. A mixed solution including INV and GOD as

enzymes and potassium ferricyanide as an electron

acceptor in a phosphate buffer (a mixture of 0.2 M
of KH2PO4 and 0.2 M of Na2 HPO*; pH 7.4) was

dropped on the CMC layer, and dried in a warm-air

drier at 50 °C for 10 minutes to form a reaction

layer 7.

When the mixed solution including the phos-

phate, the enzymes and the electron acceptor was

dropped on the CMC layer, the CMC layer made

5 from a hydrophilic polymer was once dissolved to

be superficially mixed with the enzymes and the

like. However, the reaction layer 7 was not stirred

and not mixed uniformly, and therefore, the surface

of the electrode system 14 was covered only with

70 the CMC layer.

Therefore, the enzymes and the electron ac-

ceptor did not come in contact with the surface of

the electrode system 14, thereby preventing a deg-

radation and fluctuation of sensor response caused

75 by adsorption of protein and the like to the surface

of the electrode system 14.

After forming the reaction layer 7 in the above

described manner, a cover 9 and a spacer 8 were

laminated to be adhered to the substrate 1 as

20 shown in Figure 2 with dashed lines, thereby

fabricating the sucrose sensor. The spacer 8 had a

groove 81. When the cover 9 and the spacer 8

were adhered to the substrate 1, a passage 82 was

formed by the groove 81. One end of the passage

25 82 worked as a sample supply port 10 and the

other works as an air port 11 having an opening on

the cover 9.

The reaction layer 7 can be formed on the

cover 9, the spacer 8 or the substrate 1 so as to

30 face the passage 82. The sample liquid supplied to

the sensor fills the passage 82, and can dissolve

the reaction layer 7.

Next, 3 ul of an aqueous solution of sucrose as

a sample liquid was supplied through the sample

35 supply port 10 of the sucrose sensor. The sample

liquid rapidly reached the air port 11 through the

passage 82 by capillarity, and dissolved the reac-

tion layer 7.

In order to supply a sample liquid more

40 smoothly, a solution of lecithine in an organic sol-

vent (for example, toluene) can be dropped so as

to be spread over the reaction layer 7 and dried to

form a lecithine layer before adhering the cover 9

and the spacer 8 to the substrate 1.

45 Then, a determined period of time after the

supply of the sample liquid to the sucrose sensor,

a voltage ( + 0.5 V) was applied between the work-

ing electrode 4 and the counter electrode 5 via the

leads 2 and 3, and a current value of 5 seconds

50 after the application was measured.

A plurality of sample liquids respectively hav-

ing different sucrose concentrations were mea-

sured in the above-mentioned manner to obtain

current values in proportion to the sucrose con-

55 centrations in the sample liquids.

Figure 3 shows the relationship between the

sensor response and the measuring time obtained

by using the sucrose sensor in the above-men-

6
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tioned manner.

In Figure 3, a curve a shows results obtained

by using the sucrose sensor of this example, a

curve b shows results obtained by a sensor which

has the same structure as the sensor of this exam-

ple but has no phosphate, and a curve c shows

results obtained by a sensor of Example 3 de-

scribed below including MUT.

The results shown with the curves a and b

show that the sucrose sensor of this example re-

quires a shorter time to obtain a fixed sensor

response than the sensor having no phosphate.

The results shown with the curves a and c show

that the sensor including MUT requires much shor-

ter time to obtain a fixed sensor response than the

sucrose sensor of this example.

The function of the sucrose sensor of this

example is as follows:

Sucrose is hydrolyzed by INV to generate a-

glucose. The a-glucose is rapidly isomerized to 0-

glucose by the catalytic function of the phosphate,

and the 0-glucose is oxidized by GOD. Potassium

ferricyanide is reduced to potassium ferrocyanide

by electrons transferred by the oxidation reaction

by GOD. Then, an oxidation current of the gen-

erated potassium ferrocyanide is obtained by ap-

plying a voltage. This oxidation current corre-

sponds to the concentration of sucrose, that is, a

substrate in a sample liquid.

(Example 2)

As another example of the biosensor of the

present invention, a sucrose sensor will be de-

scribed in this example.

Leads 2 and 3, an electrode system 14 com-

prising a working electrode 4 and a counter elec-

trode 5, and an insulating layer 6 were formed on

an insulating substrate 1 made from polyethylene

terephthalate in the same manner as in Example 1.

Further, a CMC layer was formed on the electrode

system 14.

A mixed solution including INV, GOD, potas-

sium ferricyanide and dipotassium hydrogen-

phosphate in a maleic acid - tris(hydroxymethyl)-

aminomethane buffer (pH 7.5) was dropped on the

CMC layer, and dried in a warm-air drier to form a

reaction layer 7. A cover 9 and a spacer 8 were

laminated to be adhered to the substrate 1 in the

same manner as in Example 1 to fabricate the

sucrose sensor.

Three ul of an aqueous solution of sucrose was

supplied to the sucrose sensor through a sample

supply port 10 in the same manner as in Example

1 to obtain an oxidation current value. The obtained

value was in proportion to a concentration of the

sucrose in the sample liquid.

(Example 3)

As still another example of the biosensor of the

present invention, a sucrose sensor will be de-

5 scribed in this example.

Leads 2 and 3, an electrode system 14 com-

prising a working electrode 4 and a counter elec-

trode 5 and an insulating layer 6 were formed on

an insulating substrate 1 made from polyethylene

io terephthalate in the same manner as in Example 1

.

Then, an aqueous solution including 0.5 wt%
HEC was dropped on the electrode system 14 and

dried to form an HEC layer. A mixed solution of

INV, MUT, GOD, potassium ferricyanide and dis-

75 odium hydrogenphosphate in an [N-(2-hydrox-

yethylJpiperazine-N'^-ethane-sulfonic acid] - sodi-

um hydroxide buffer (pH 7.2) was dropped on the

HEC layer, and dried in a warm-air drier to form a

reaction layer 7.

20 Ten ul of an aqueous solution of sucrose was

supplied as a sample liquid to the sucrose sensor

fabricated as above to dissolve the reaction layer 7.

A determined voltage was applied between the

working electrode 4 and the counter electrode 5

25 after a determined period of time in the same
manner as in Example 1, and an oxidation current

was obtained.

The isomerization from a-glucose to 0-glucose

is accelerated by functions of both MUT and phos-

30 phate ions. When both MUT and phosphate ions

are contained in the reaction layer as they are in

this example, the isomerization from a-glucose to

^-glucose can be further accelerated. As a result, a

sensor response can be obtained in a shorter time.

35

(Example 4)

As still another example of the biosensor of the

present invention, a glucose sensor will be de-

40 scribed in this example.

Leads 2 and 3, an electrode system 14 com-

prising a working electrode 4 and a counter elec-

trode 5, and an insulating layer 6 were formed on

an insulating substrate 1 made from polyethylene

45 terephthalate in the same manner as in Example 1.

Next, an aqueous solution of 0.5 wt% HPC was

dropped on the electrode system 14 and dried to

form an HPC layer. Then, a mixed solution of GOD,

potassium ferricyanide and dipotassium hydrogen-

50 phosphate in a sodium dihydrogencitrate - sodium

hydroxide buffer (pH 5.5) was dropped on the HPC
layer, and dried in a warm-air drier at 50 # C for 10

minutes to form a reaction layer 7. A cover 9 and a

spacer 8 were laminated to be adhered to the

55 substrate 1 in the same manner as in Example 1 to

fabricate a glucose censor.

Ten ul of an aqueous solution of glucose was

supplied as a sample liquid to the glucose sensor

7
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fabricated as above to dissolve the reaction layer 7.

A determined period of time after the supply of the

sample liquid, a determined voltage was applied

between the working electrode 4 and the counter

electrode 5 to measure an oxidation current.

GO.D has a function to specifically oxidize only

the 0 compound among the isomers of glucose. In

an aqueous solution of glucose, o-glucose and 0-

glucose are equilibrated. In using the glucose sen-

sor of this example, since the isomerisation from a-

glucose to 0-glucose is rapidly conducted by a

function of the phosphate ions contained in the

reaction layer, an oxidation current in proportion to

a total amount of glucose in the sample liquid can

be obtained in a short time.

Further, GOD used in this example has opti-

mum pH around 5, and an enzyme reaction can be

conducted around pH 5 by a buffering function of

the buffer (sodium dihydrogencitrate - sodium hy-

droxide) contained in the reaction layer, whatever

pH the sample liquid has. Therefore, an accurate

measurement can be attained.

As the buffer, sodium dihydrogencitrate -

NaOH (pH 5.5) can be replaced with citric acid -

sodium citrate, citric acid - potassium citrate, po-

tassium dihydrogencitrate - NaOH, sodium

hydrogenmaleate - NaOH, potassium hydrogenph-

thalate - NaOH or succinic acid - sodium

tetraborate, whose pH has been adjusted to be 5 to

6 in order to obtain the same effect as above.

(Example 5)

As still another example of the biosensor of the

present invention, a sucrose sensor will be de-

scribed in this example.

Figure 4 is a sectional view of the sucrose

sensor of this example.

Leads 2 and 3, an electrode system 14 com-

prising a working electrode 4 and a counter elec-

trode 5, and an insulating layer 6 were formed on

an insulating substrate 1 made from polyethylene

terephthalate in the same manner as in Example 1

,

and a CMC layer was formed on the electrode

system 14.

Next, a mixed solution of INV, MUT, GOD,

potassium ferricyanide in a phosphate buffer (a

mixture of 0.2 M of KH2 PO* and 0.2 M of

Na2 HPO*; pH 7.4) was dropped on the CMC layer,

and dried in a warm-air drier at 50' C for 10

minutes to form a reaction layer 7.

Then, a solution of CMC in a phosphate buffer

(a mixture of 0.5 M of KH2 PO* and 0.5 M of

Na2 HP04; pH 7.4) was dropped on a part on the

inner surface of a cover 9 and dried to form a pH

buffer layer 20.

The cover 9 on which the pH buffer layer 20

was formed and a spacer 8 were laminated and

adhered to the substrate 1 in the same manner as

in Example 1 to fabricate the sucrose sensor.

Sucrose standard solutions having a fixed con-

centration and different pH from 3 to 7 were sup-

5 plied as sample liquids to the sucrose sensor fab-

ricated as above to obtain respective sensor re-

sponses in the same manner as in Example 1. The

obtained oxidation values were in proportion to the

sucrose concentration regardless of the pH of the

70 sample liquids.

(Example 6)

As still another example of the biosensor of the

75 present invention, a sucrose sensor will be de-

scribed in this example.

Leads 2 and 3, an electrode system 14 com-

prising a working electrode 4 and a counter elec-

trode 5, and an insulating layer 6 were formed on

20 an insulating substrate 1 made from polyethylene

terephthalate in the same manner as in Example 1.

Further, a CMC layer was formed on the electrode

system 14.

Next, a mixed solution of INV, GOD, potassium

25 ferricyanide and dipotassium hydrogenphosphate

was dropped on the CMC layer, and dried to form

a reaction layer 7. Then, a cover 9 and a spacer 8

were laminated and adhered to the substrate 1 in

the same manner as in Example 1 to fabricate the

30 sucrose sensor.

Three ul of an aqueous solution of sucrose was

supplied as a sample liquid through a sample sup-

ply port 10 to the sucrose sensor fabricated as

above to obtain an oxidation current value. The

35 obtained current value was in proportion to the

sucrose concentration.

(Example 7)

40 Figure 5 shows an example of a sucrose sen-

sor in which INV and GOD are immobilized on a

substrate.

This sucrose sensor comprises a working elec-

trode 19, a counter electrode 24 made from plati-

45 num. and an Ag/AgCI reference electrode 25, and

cylindrical holders 20 and 21 made from a resin for

holding the working electrode 19.

The working electrode 19 was fabricated as

follows: On one surface of a polycarbonate porous

so film, a platinum layer was formed by sputtering. A

mixed solution of INV and GOD was spread on the

'

platinum layer so as to cover the porous film and

into pores, dried, and allowed to stand in glutaral-

dehyde vapor, thereby immobilizing INV and GOD

55 on the porous film. The resultant film was then

washed.

The working electrode 19 was electrically con-

nected to a lead 22. The holder 20 was filled with a

8
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phosphate buffer 26 (0.2 M; pH 5.6), and lower

portions of the counter electrode 24 and the

Ag/AgCI reference electrode 25 were disposed in

the buffer 26.

With an enzyme electrode system comprising

the working electrode 19 and the counter electrode

24 dipped in the phosphate buffer 26, a potential of

the working electrode 19 was set to be +0.6 V on

the basis of the reference electrode 25. Next, an

aqueous solution of sucrose was added to the

buffer 26. Then, a current value between the work-

ing electrode 19 and the counter electrode 24 was

vigorously increased.

The principle of the above is as follows:

The added sucrose is hydrolyzed by INV im-

mobilized on the working electrode 19 to generate

a-glucose. Next, isomerization from o-glucose to 0-

glucose is accelerated by phosphate in the buffer.

The /9-glucose is oxidized by GOD immobilized on

the working electrode 19 to generate gluconic acid,

and at the same time oxygen was reduced to

generate hydrogen peroxide. The hydrogen perox-

ide was electrochemically oxidized to cause an

oxidation current.

The obtained current value was in proportion to

the concentration of the added sucrose. Therefore,

the concentration of the sucrose can be quantified

by using the oxidation current.

Various other modifications will be apparent to

and can be readily made by those skilled in the art

without departing from the scope and spirit of this

invention. Accordingly, it is not intended that the

scope of the claims appended hereto be limited to

the description as set forth herein, but rather that

the claims be broadly construed.

Claims

1. A catalyst made from phosphate for accelerat-

ing the following equilibrium reaction:

a-glucose 5* 0-glucose

2. A catalyst according to claim 1, wherein the

phosphate is at least one selected from the

group consisting of potassium dihydrogen-

phosphate, dipotassium hydrogenphosphate,

disodium hydrogenphosphate and sodium

dihydrogenphosphate.

3. A method for accelerating the following equilib-

rium reaction by using phosphate:

a-glucose ^ 0-glucose

4. A method according to claim 3, wherein the

phosphate is at least one selected from the

group consisting of potassium dihydrogen-

phosphate, dipotassium hydrogenphosphate,

sodium dihydrogenphosphate and disodium

hydrogenphosphate.

5. A method according to claim 3, wherein the

equilibrium reaction is conducted within a

5 range of pH 4.0 to 10.5.

6. A method according to claim 3, wherein a

concentration of the phosphate in the equilib-

rium reaction is within a range of 0.01 M to 0.8

w M.

7. A biosensor comprising the catalyst according

to claim 1, an enzyme for oxidising 0-glucose,

and an electrode system for electrically mea-

15 suring an oxidation by the enzyme.

8. A biosensor comprising an electrically insulat-

ing substrate, an electrode system which is

formed on the substrate and has a working

20 electrode and a counter electrode, and a reac-

tion layer provided at a position to affect the

electrode system, wherein the reaction layer

comprises at least an enzyme, an electron

acceptor and phosphate.

25

9. A biosensor according to claim 8, wherein the

reaction layer further comprises a hydrophilic

polymer layer.

30 10. A biosensor according to claim 8,

wherein the reaction layer is made of a

first layer comprising a hydrophilic polymer

layer and a second layer laminated on the first

layer, and

35 the enzyme, the electron acceptor and the

phosphate are contained in the second layer.

11. A biosensor according to claim 8, wherein the

enzyme includes glucose oxidase.

40

12. A biosensor according to claim 11, wherein the

enzyme further includes one selected from the

group consisting of invertase, alkaline

phosphatase, maltase, 0-galactosidase and

45 cellulase.

13. A biosensor according to claim 8, wherein the

enzyme further includes mutarotase.

so 14. A biosensor according to claim 8, wherein a

pH buffer layer is provided above the insulat-

ing substrate.

15. A biosensor according to claim 8, wherein the

55 reaction layer comprises a pH buffer.

16. A biosensor according to claim 8,

wherein the reaction layer is made of a

9
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first layer comprising a hydrophilic polymer

layer and a second layer laminated on the first

layer;

the enzyme, the electron acceptor and the

phosphate are contained in the second layer; 5

and

the second layer further comprises a pH

buffer.

17. A biosensor according to claim 8, wherein the 10

enzyme includes a combination of invertase

and glucose oxidase.

1a A biosensor according to claim 15, wherein the

pH buffer is one selected from the group con- 75

sisting of potassium dihydrogenphosphate -

dipotassium hydrogenphosphate, potassium

dihydrogenphosphate - disodium hydrogen-

phosphate, sodium dihydrogenphosphate -

dipotassium hydrogenphosphate, sodium 20

dihydrogenphosphate - disodium hydrogen-

phosphate, citric acid - disodium hydrogen-

phosphate, citric acid - dipotassium hydrogen-

phosphate, citric acid - sodium citrate, citric

acid - potassium citrate, potassium 25

dihydrogencitrate - sodium hydroxide, sodium

dihydrogencitrate - sodium hydroxide, sodium

hydrogenmaleate - sodium hydroxide, potas-

sium hydrogenphthalate - sodium hydroxide,

succinic acid - sodium tetraborate, maleic acid 30

tris(hydroxymethyl)aminomethane, tris-

(hydroxymethyl) aminomethane - tris-

(hydroxymethyl)aminomethane hydrochloride,

[N-(2-hydroxyethyl)piperazine-N'-2-

ethanesulfonic acid] - sodium hydroxide, [N- 35

tris(hydroxymethyt)methyl-2-

aminoethanesulfonic acid] - sodium hydroxide,

and [piperazine-N,N*-bis(2-ethane-sulfonic

acid)] - sodium hydroxide.

40

19. A biosensor comprising:

phosphate as a catalyst for accelerating an

equilibrium reaction between a-glucose and &-

glucose;

an enzyme for selectively oxidizing the 0- 45

glucose;

an electron acceptor which is reduced by

electrons generated in an oxidation reaction by

the enzyme; and

an electrode system for electrically mea- so

suring an amount of the reduced electron ac-

ceptor.

20. A biosensor according to claim 19 further com-

prising an enzyme for generating a-glucose by 55

hydrolyzing a saccharide.

10
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